Objective: to test the hypothesis that morbidity and health related behavioural factors are stronger than social factors as predictors of death among older women. Methods: we used data from 12,422 participants in the Australian Longitudinal Study on Women's Health who were aged 70-75 in 1996. Proportional hazards models of survival up to 31 October 2005 were fitted separately for the whole cohort and those women who were initially in 'good health'. Results: among the whole cohort, 18.7% died during the follow up period. The strongest predictor of death was 'poor' or 'fair' self-rated health (with 52.3% and 28.0%, respectively, of women in these categories dying). Among the women in 'good health' at baseline 11.5% died, with current cigarette smoking (hazard ratio HR = 2.19, 95% confidence interval (1.71, 2.81), physical inactivity (HR = 1.45 (1.17, 1.81)), and age (HR = 1.10 (1.04, 1.16) per year) as statistically significant predictors of death. Discussion: among older women, current health and health related behaviours are stronger predictors than social factors of relatively early mortality. Adopting a healthier lifestyle, by doing more exercise and not smoking, is beneficial even in old age.
Introduction
Life expectancy, particularly among older people, is determined by a complex mix of genetic and environmental factors and chance [1] . In younger age, genetic susceptibility, socio-demographic and behavioural factors are strongly related to mortality. But it has been argued that among older people, these predictors are less important, and death is best predicted by the accumulation of multiple morbidity and disability [2] . For example, empirical analysis has shown that the association between socio-demographic factors and mortality weakens when health status is taken into account [3] . Also socio-economic differentials in mortality appear to decrease in magnitude with increasing age [4] .
These findings can be viewed from a life-course perspective. Many socio-demographic factors have their origins in early life; parental socio-economic status influences a person's educational and occupational aspirations and achievements, which in turn affect their own socio-economic status. These factors influence the establishment of lifestyle characteristics such as tobacco and alcohol consumption, levels of physical activity, weight maintenance and other health-related behaviours. In turn, these behavioural factors (together with genetic makeup, environmental exposures and chance) contribute to the accumulation of health problems. From this perspective one might hypothesize that by the time a person reaches old age their survival will be best predicted by the most proximal factors of morbidity and disability, which are a result of accumulating lifestyle and social factors.
For this paper, data from the older cohort of the Australian Longitudinal Study on Women's Health (ALSWH) were used to test the hypothesis and examine the relative importance of morbidity, health-related behavioural factors and social factors as predictors of death.
Methods
The ALSWH is a prospective study of factors affecting the health and well-being of three cohorts of women aged 18-23 years ('younger cohort'), aged 45-50 years ('midaged cohort') and aged 70-75 years ('older cohort') at the time of Survey 1 in 1996. The study sample was selected randomly from the Medicare Australia database (which covers all citizens and permanent residents of Australia, including refugees and immigrants), with intentional overrepresentation of women living in rural and remote areas. Further details of the recruitment methods and response rates have been described elsewhere [5] and details of the study can be found at www.alswh.org.au. The focus of this paper was the older cohort. Self-reported survey data were used and identification information was probabilistically matched to the National Death Index to identify deaths between study entry and 31 October 2005.
Measures
The baseline questionnaire covered health status, healthrelated behaviour, socio-demographic characteristics and social support. Several variables in each area were selected for this analysis based on previously reported associations with mortality in older adults.
Health status
The questionnaire included the Australian version of the SF-36 Health Profile, which assesses general physical and psychological health and well-being over the last 4 weeks [6] . There is a 'General Health' item that asks participants to rate their health, with possible responses ranging from 'excellent' to 'poor'. This response is used as a global measure of self-rated health.
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The mental health (MH) score from SF-36 is based on a weighted sum of five items, which include one or more items from each of the four major MH dimensions (anxiety, depression, loss of behavioural/emotional control, and psychological well-being) [7] . The criterion of MH ≤52 is used to indicate poor MH [8] .
Co-morbidity has been shown to predict mortality [9] . A co-morbidity score was created as a weighted sum of the self-reported conditions found to be significantly predictive of mortality in the ALSWH. These were: stroke, diabetes and any cancer (excluding skin cancer) each with a weight of three; heart disease, diabetes or low iron, each with a weight of two; and osteoporosis with a weight of one. The weights were simplified from a Cox proportional hazards model. The co-morbidity score was then categorised into three groups: 0, 1-2, >2.
Health-related behavioral factors
Smoking status, level of physical activity, alcohol consumption and body mass index (BMI) have previously been shown to be associated with early mortality in the elderly and were selected as indicators of health [3, 10, 11] . Smoking status was categorised as 'never smoker', 'ex-smoker' or 'current smoker'. Additionally, ex-smokers were classified into the following categories based on how long ago they gave up smoking: 'quit within the last 5 years', 'quit 5-10 years ago', 'quit 11-20 years ago', and 'quit more than 20 years ago'. Responses about frequency of participation in 'vigorous' and 'less vigorous' activity were used to derive a physical activity score [12] . Categories of physical activity were labeled as 'none', 'low', 'moderate' and 'high'. Alcohol consumption was categorised as: 'non-drinker', 'rarely drinks alcohol', 'low-risk drinker' (≤14 drinks per week) or 'risky drinker' (>14 drinks per week), adapted from Australian National Health and Medical Research Council [13] guidelines. BMI was calculated as weight (kg) divided by the square of height (m), then categorised as 'underweight' (BMI <18.5 kg/m 2 ), 'acceptable weight' (BMI 18.5-<25 kg/m 2 ), 'overweight' (BMI 25-<30 kg/m 2 ), or 'obese' (BMI ≥30 kg/m 2 ), according to the World Health Organization guidelines [14] .
Socio-demographic factors
Age in years at the baseline survey in 1996, ranging from 70 to 75 years was included among the possible explanatory variables. Education level, based on highest qualification achieved, was categorised as: 'no formal qualification', 'school certificate' (school or higher school certificate), 'trade' (trade, certificate, diploma) and 'university' (completed a university degree). Women were asked how well they managed on their available income, with the following response options: 'impossible or difficult all the time', 'difficult sometimes', 'not too bad' and 'easy'. Women were also asked about their housing situation with response options categorised as: 'house', 'flat/unit/apartment' or 'other'. On the basis of an index of distance to the nearest urban centre, area of residence was classified as 'urban', 'large rural centre', 'small rural centre' and 'other rural or remote area'. Country of birth was categorised as: 'Australia', 'other English speaking' and 'other'.
Social support measures
The social support measures chosen were marital status, living arrangements, social interaction and whether there had been a decline in the health of their spouse or partner in the last 12 months. Marital status at baseline was categorised as: 'single', 'partnered' or 'widowed'. Level of social interaction was calculated using a four-item subscale from the 11-item Duke Social Support Index [15] . Women were asked to report whether or not they had experienced a series of life events within the previous 12 months including a major decline in the health of their spouse or partner.
Analysis
The survival time was calculated as the number of days between the return of the baseline survey and the date of death or survival at 31 October 2005.
All analyses were performed using SAS statistical software version 9.1 [28] . Proportional hazard survival analyses were conducted for each potential explanatory variable (covariate) separately. The proportional hazard assumption for each potential explanatory variable to be used in the model was checked using the ASSESS PH statement in PROC PHREG procedure. Covariates with a P-value<0.1 from the univariate analyses were then included in a stepwise proportional hazards model using PROC TPHREG.
Owing to the overwhelming importance of poor self-rated health as a predictor of death, a second analysis focused on the group of women who were 'healthy' at the baseline survey. Thus women who rated their health as 'fair' or 'poor'; those with BMI <18.5; women who reported having been told they had heart disease, stroke, diabetes or cancer (other than skin cancer); or those who indicated that they were 'limited a lot' in walking 100 m were excluded.
Results
By 31 October 2005, there had been 2,321 (18.7%) deaths among the 12,422 older women who participated in the baseline survey. Among those who had rated their health as 'poor', 52.3% had died, and among those who reported 'fair' health, 28.0% had died. After excluding women with poorer health there were 6,576 women (52.9% of the whole cohort) who were in good health at baseline. Of these 'healthy' women, 759 (11.5%) died during the follow-up period.
Women in the 'healthy' group had lower co-morbidity scores, higher BMI, higher MH scores, and were less likely to be sedentary than those in the whole cohort (results not shown here).
The factors statistically significantly associated with increased mortality in the whole cohort were: poorer selfrated health, low MH scores, higher co-morbidity score,
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being a current or ex-smoker, physical inactivity, being a non-drinker of alcohol, being underweight, older age, lower educational level, difficulty managing on available income, not living in a house, being single or widowed, living arrangements other than living with a spouse or partner and lower social interaction score. Several of these factors were not statistically significant for the 'healthy' women; these were mainly socio-demographic factors such as education, managing on their income, housing and social interactions, together with BMI (see Table 1 ). The proportional hazard assumption was met by all covariates for both cohorts. When all variables with P-value <0.1 from the univariate analyses were included in a multivariable stepwise proportional hazards model for the whole cohort, the variables that best predicted early death were: self-rated health of 'poor' or 'fair', physical inactivity, being a current smoker or an exsmoker who had quit within the last 20 years, having a high co-morbidity score, being underweight, widowed and older aged, whilst being overweight was protective (see Table 2 ).
Among the women who were 'healthy' at baseline, the variables that best predicted death were current smoking, having low levels of physical activity, 'good' (compared to 'excellent') self-rated health and older age. The other variables predicting death which were significant from the univariate analyses (MH, alcohol consumption, country of birth and marital status) were not significant when the other factors were taken into account.
Discussion
The baseline survey of the ALSWH was conducted in 1996 when women in the older cohort were aged 70-75 years and their average life expectancy was 14 years [16] . Thus, women who died in the first 9 years of the Study represent 'early' deaths at a life stage when a range of predictive factors might be expected to be important. However, the results presented here provide strong support for the hypothesis that for older women morbidity is the strongest predictor of mortality, followed by various health-related lifestyle factors. Social factors were not consistently significantly associated with mortality among the whole cohort or the healthy sub-cohort.
The hypothesis, derived from a life-course perspective, supports findings of other studies. Nybo, et al. [2] and Korten et al. [17] both found that social and lifestyle factors lose strength in predicting mortality, when physical health and cognitive performance were taken into account.
The US Cardiovascular Health Study found that among men and women aged over 65 years the strongest predictors of mortality were objective measures of sub-clinical disease and disease severity, with weight, smoking history and physical inactivity (together with gender and age) also being important [18] . The role of body weight in older people seems complex, with the possible J or U-shaped mortality curves. Diehr et al. [19] found higher mortality among older adults with very low BMI compared to others. The importance of lack of physical activity as a predictor of mortality in older adults has been shown by Stessman, et al. [20] although it was suggested that no additional benefit accrues from more than moderate physical activity. Current smoking is another well-established strong predictor of mortality [21] . The findings for both smoking and physical activity are important for public health policy and practice as they suggest that the health gains from quitting smoking and maintaining a moderate level of physical activity extend into old age.
Results of the present study are in agreement with the well-known widowhood effect, in which the risk of death is highest within the first months of bereavement [22] .
Taking initial health status into account has been found to considerably weaken the association between mortality 
Health and elderly women's survival
and socio-economic characteristics [3] . Indeed, there is substantial evidence of the value of self-rated health as a predictor of 'early' mortality among women [23, 24] . Selfrated health has even been suggested to be as good a predictor of mortality in women as objective measures of health [25] . There may be several explanations for the relatively weaker associations between social factors and mortality in the elderly, compared to the more proximal factors of morbidity and health behaviour. Social factors may not have been measured adequately (although in our study we used well-validated items and scales). Additionally, in some fairly homogeneous populations, lack of variation in social conditions may account for their failure to predict mortality [17] . The alternative explanation provided by the concept examined in this paper is that the social factors act predominantly as earlier determinants of morbidity and lifestyle in old age, so that there is little residual effect once morbidity and behavioural factors have been taken into account. Where conflicting results have been reported, often the three major types of predictors-morbidity/disability, health-related behavioural factors, and social factors-have not been simultaneously measured or taken into account [11, 26] .
One limitation of the present study is that the data are self-reported. While this is advantageous for variables like self-reported health, there could be some bias in the reported health behaviour. Unfortunately, cognitive function was not measured at the baseline survey of the ALSWH so it could not be included in the analysis, although it has been found by others to be a strong predictor of mortality in the elderly [17] . Another limitation is that the ALSWH provides data only for women-mortality for men may be associated with different factors [17] .
The strengths of the study are that it is based on a randomly selected community sample; it is large, providing statistical power to examine the effects of many variables. Identification of deaths is possible through linkage to the National Death Index, where the true positive rate for the ALSWH was previously found to be 95% [27] . Furthermore, multiple measures of morbidity and disability, health-related behavior, socio-demographic characteristics of participants and social support are available.
In summary, data from the ALSWH provide support for the life-course perspective on factors associated with mortality in older adults. In this framework, one can expect that: morbidity and disability being most proximal to death provide the strongest predictors; lifestyle factors that are major risk factors for death among middle-aged people are weaker predictors among the elderly; and differences in social factors are less predictive of mortality among people who survive to older ages.
Key points
• Strongest predictors of early mortality among older women are current health and health-related behaviours.
• Differences in social factors are less predictive of mortality among women who survive to older ages.
• Adopting a healthier lifestyle, by doing more exercise and not smoking, is beneficial even in old age.
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